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ELECTRONIC APPARATUS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a liquid crystal device which can reduce 
display fault such as light leak caused by descreenation by a lateral electric field, 
even if line inverse-driving is executed. 

SOLUTION: The liquid crystal device is provided with an active matrix substrate, 
having a first electrode group composed of plural pixel electrodes to which 
image signals of the same polarity are supplied and a second electrode group, 
composed of plural pixel electrodes to which image signals of polarity different 
from that of the first electrode group are supplied and is further provided with a 
counter substrate and liquid crystal held between these substrate. An alignment 
direction Ra of liquid crystal molecules of an active matrix substrate side is set 
nearly along an alignment direction of plural pixel electrodes of the electrode 
group. Furthermore, when the alignment direction Ra is oblique to the alignment 



direction of the electrodes, the liquid crystal molecules are twistedly arranged, so 
as to extend over a first electrode group forming region and a second electrode 
group forming region from the active matrix substrate side to a counter substrate 
side. 
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CLAIMS 
[Claim(s)] 

[Claim 1] The 1st electrode group which consists of two or more electrodes 
arranged in the one direction to which the picture signal of like-pole nature is 
supplied, The active-matrix substrate which has the 2nd electrode group which 
consists of two or more electrodes arranged in the one direction to which a polar 
picture signal which adjoins this 1st electrode group and is different from said 1st 
electrode group is supplied, It is liquid crystal equipment equipped with the liquid 
crystal layer which the dielectric constant anisotropy pinched between the 



opposite substrate by which opposite arrangement was carried out with this 
active-matrix substrate, and said active-matrix substrate and said opposite 
substrate becomes from forward liquid crystal. The direction of a major axis of 
the liquid crystal molecule by the side of said active-matrix substrate among said 
liquid crystal layers the liquid crystal equipment characterized by being arranged 
so that it may meet in said 1st electrode group and the array direction of said 
electrode of the plurality of each 2nd electrode group mostly in the condition of 
not supplying the picture signal to said 1st electrode group and the 2nd electrode 
group. 

[Claim 2] The 1st electrode group which consists of two or more electrodes 
arranged in the one direction to which the picture signal of like-pole nature is 
supplied, The active-matrix substrate which has the 2nd electrode group which 
consists of two or more electrodes arranged in the one direction to which a polar 
picture signal which adjoins this 1st electrode group and is different from said 1st 
electrode group is supplied, It is liquid crystal equipment equipped with the liquid 
crystal layer which the dielectric constant anisotropy pinched between the 
opposite substrate by which opposite arrangement was carried out with this 
active-matrix substrate, and said active-matrix substrate and said opposite 
substrate becomes from forward liquid crystal, the liquid crystal equipment 
characterized by performing orientation processing which the orientation film is 



prepared on the field by the side of said liquid crystal layer of said active-matrix 
substrate, and makes the direction which met in said 1st electrode group and the 
array direction of said electrode of the plurality of each 2nd electrode group 
mostly at this orientation film the direction of orientation. 
[Claim 3] The 1st electrode group which consists of two or more electrodes 
arranged in the one direction to which the picture signal of like-pole nature is 
supplied, The active-matrix substrate which has the 2nd electrode group which 
consists of two or more electrodes arranged in the one direction to which a polar 
picture signal which adjoins this 1st electrode group and is different from said 1st 
electrode group is supplied, It is liquid crystal equipment equipped with the liquid 
crystal layer which the dielectric constant anisotropy pinched between the 
opposite substrate by which opposite arrangement was carried out with this 
active-matrix substrate, and said active-matrix substrate and said opposite 
substrate becomes from forward liquid crystal. The direction of a major axis of 
the liquid crystal molecule by the side of said active-matrix substrate among said 
liquid crystal layers In the condition of not supplying the picture signal to said 1st 
electrode group and the 2nd electrode group Said 1st electrode group, It is 
arranged, so that the direction of slant may be turned to to the array direction of 
said electrode of the plurality of each 2nd electrode group Liquid crystal 
equipment characterized by being able to twist so that the end side of the 



direction of a major axis of said liquid crystal molecule may carry out plane view 
towards said opposite substrate side from said active-matrix substrate side and 
the formation field of said 1st electrode group and the formation field of said 2nd 
electrode group may be straddled, and being arranged. 
[Claim 4] The 1st electrode group which consists of two or more electrodes 
arranged in the one direction to which the picture signal of like-pole nature is 
supplied, The active-matrix substrate which has the 2nd electrode group which 
consists of two or more electrodes arranged in the one direction to which a polar 
picture signal which adjoins this 1st electrode group and is different from said 1st 
electrode group is supplied, It is liquid crystal equipment equipped with the liquid 
crystal layer which the dielectric constant anisotropy pinched between the 
opposite substrate by which opposite arrangement was carried out with this 
active-matrix substrate, and said active-matrix substrate and said opposite 
substrate becomes from forward liquid crystal. The orientation film is prepared, 
respectively on the field by the side of said liquid crystal layer of said 
active-matrix substrate and said opposite substrate. Orientation processing 
which makes the direction of slant the direction of orientation at these orientation 
film to said 1st electrode group and the array direction of said electrode of the 
plurality of each 2nd electrode group is performed. It is liquid crystal equipment 
which the direction tip side of orientation of the orientation film by the side of said 



active-matrix substrate and each orientation film by the side of said opposite 
substrate carries out plane view, and one side is located in the formation field of 
said 1st electrode group, and is characterized by locating another side in the 
formation field of said 2nd electrode group. 

[Claim 5] Liquid crystal equipment according to claim 3 or 4 characterized by 
said direction of slant making 45 degrees of abbreviation to the array direction of 
two or more of said electrodes. 

[Claim 6] Liquid crystal equipment given in claim 1 characterized by being set as 
the range whose pre tilt angle of the liquid crystal molecule by the side of said 
active-matrix substrate is 3 degrees - 30 degrees thru/or any 1 term of 5. 
[Claim 7] Liquid crystal equipment according to claim 6 characterized by being 
set as the range said whose pre tilt angle is 3 degrees - 30 degrees by having 
formed the columnar structure object of the inorganic material which inclined in 
the specific direction on said active-matrix substrate. 

[Claim 8] Liquid-crystal equipment according to claim 6 characterized by to be 
set as the range said whose pre tilt angle is 3 degrees - 30 degrees by having 
formed the orientation film with which the columnar structure object of the 
inorganic material which inclined in the specific direction, and the columnar 
structure object of said inorganic material which inclined in the direction which 
looks at said active-matrix substrate superficially, and is different from the 



inclination direction of said columnar structure object come to be intermingled on 
said active-matrix substrate. 

[Claim 9] Liquid crystal equipment given in claim 1 characterized by carrying out 
flattening of the substrate front face in the formation field of the signal line for 
driving each electrode of said 1st electrode group and said 2nd electrode group, 
and the substrate front face in the formation field of each of said electrode in said 
active-matrix substrate thru/or any 1 term of 8. 

[Claim 10] The projection mold display characterized by having the light 
modulation means which becomes claim 1 which modulates the light from the 
light source and said light source thru/or any 1 term of 9 from the liquid crystal 
equipment of a publication, and the delivery system which projects the light 
modulated by said light modulation means. 

[Claim 1 1] Electronic equipment characterized by equipping claim 1 thru/or any 1 
term of 9 with the liquid crystal equipment of a publication. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the configuration of 
suitable liquid crystal equipment to perform the Rhine reversal drive and a 
column reversal drive in liquid crystal equipment and its manufacture approach 
list about electronic equipment 
[0002] 

[Description of the Prior Art] In projection mold liquid crystal displays, such as a 
liquid crystal projector, active matrix liquid crystal equipment is used for the liquid 
crystal light valve used as light modulation equipment. Opposite arrangement of 
the component substrate with which the signal line, a pixel electrode, the 
component for pixel switching, etc. were formed, and the opposite substrate with 
which the common electrode was formed is carried out with the fixed gap 
through the sealant, and between this gap, active matrix liquid crystal equipment 
pinches liquid crystal, and is constituted. The pixel electrode of a large number 
surrounded by the data line and the scanning line is formed in the viewing area 
of liquid crystal equipment, and these pixel electrode is arranged in the shape of 
a matrix. 



[0003] As means of displaying of active matrix liquid crystal equipment, the 
means of displaying in the Twisted Nematic (it is written as TN Twisted Nematic 
and the following) mode occupies current and the mainstream, the gradation 
display with low driver voltage with a comparatively quick speed of response with 
bright high contrast is easy for the reason - etc. - it is because the liquid crystal 
equipment in TN mode possesses many properties fundamentally needed as a 
display with sufficient balance. In TN mode, the direction of a major axis of a 
liquid crystal molecule takes 90 degrees of distorted structures between a 
component substrate and an opposite substrate. 

[0004] Since a liquid crystal molecule has a degree of freedom in the array 
direction of a liquid crystal molecule, it cannot make a liquid crystal molecule 
arrange in the predetermined direction only by making it merely only arrange in 
parallel with a substrate side, although the array direction is regulated by the 
surface state of a substrate. There is the approach of establishing the adherend 
and slot which have the alignment nature of the specific direction in a substrate 
front face as one means to which the orientation of the liquid crystal molecule is 
made to carry out in the specific direction, and regulating physically the direction 
of a major axis of a liquid crystal molecule. The coat (orientation film) which has 
the stacking tendency of polyimide resin etc. in the main things of this approach 
is applied, or a means to attach the blemish of the specific direction to the front 



face of this orientation film further, and to give a stacking tendency is adopted. 
There are the rubbing method for grinding the orientation film against the cloth 
twisted around the roll, for example as a means of the orientation processing 
which gives directivity to the orientation film, method vacuum deposition of 
slanting which vapor-deposits an inorganic material and forms the orientation 
film itself from across. 

[0005] The so-called frame reversal drive which carries out positive/negative 
reversal of the picture signal impressed to liquid crystal from a viewpoint of the 
life of a liquid crystal ingredient for every frame as a drive method of active 
matrix liquid crystal equipment is adopted. However, if a frame reversal drive is 
adopted, although the life of a liquid crystal ingredient will become long, it 
originates in the cross talk between the adjoining pixels etc., a flicker (flicker of 
an image) occurs, and display grace may be reduced. Then, the column reversal 
drive which adjoins the polarity of a picture signal and which makes it reversed 
for every data line, and the Rhine reversal drive method which makes it reversed 
for every adjoining scanning line are well used for the cure against a flicker. 
[0006] 

[Problem(s) to be Solved by the Invention] For example, it is in the inclination 
which a pixel makes highly minute increasingly in recent years in the liquid 
crystal light valve used for projection mold liquid crystal equipment. The 



configuration of a active-matrix substrate generally Since the level difference by 
signal lines, such as the data line and the scanning line, exists in the periphery 
section of a pixel, When the periphery section of a pixel is high, it has the 
structure where a center section is low and the dimension of 1 pixel becomes 
small especially by highly minute-ization, In orientation processing of the rubbing 
method, the method vacuum deposition of slanting, etc., the problem that the 
rate of a field that sufficient orientation processing is not made becomes large for 
the reasons of that a rubbing cloth does not hit the field near the level difference 
of the pixel periphery section, becoming the shadow of a level difference at the 
time of vacuum evaporationo is becoming remarkable. Then, the liquid crystal 
molecule located in the pixel periphery section is in the condition of poor 
orientation, if the own direction of orientation is not fully regulated, but takes 
unstable orientation according to various factors and says by orientation 
processing. For this reason, the field where the directions of orientation of liquid 
crystal differ in the center section and the periphery section of a pixel was 
formed (disclination), and a poor display, such as optical leakage, had occurred 
in the part of that boundary. 

[0007] As a cure of above-mentioned poor orientation, after forming a slot in a 
substrate, embed a signal line into the slot. Or after forming a signal line on a 
substrate, embed the signal line by the high insulator layer of surface 



smoothness. Or the chemical mechanical grinding method (Chemical 
Mechanical Polishing and the following) CMP - outlining - it is possible to use, 
to carry out flattening of the substrate front face by carrying out flattening of the 
insulator layer etc., and to consider as the structure where orientation 
processing sufficient in every location in a pixel can be performed. 
[0008] However, even if poor orientation was solved by the substrate which 
improved surface smoothness in this way, when the above-mentioned Rhine 
reversal drive and an above-mentioned column reversal drive were especially 
adopted as a drive method, the poor display by disclination had occurred in the 
periphery section of a pixel too. Since the polar picture signal with which the 
reasons differ to the pixel which adjoins in the Rhine reversal drive or a column 
reversal drive is supplied, It is because it generates between the pixel electrode 
on a component substrate, and the common electrode on an opposite substrate, 
horizontal electric field occur in the pixel inter-electrode adjoined on a 
component substrate in addition to the vertical electric field which contribute to 
the drive of liquid crystal directly and the array of a liquid crystal molecule is 
disturbed by operation of this horizontal electric field in the pixel periphery 
section. 

[0009] This invention is made in order to solve the above-mentioned technical 
problem, and it aims at offering the liquid crystal equipment which can reduce 



the poor display resulting from the disclination by horizontal electric field in the 
liquid crystal equipment which adopts the Rhine reversal drive and a column 
reversal drive especially as a drive method. 
[0010] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, 
the 1st liquid crystal equipment of this invention The 1st electrode group which 
consists of two or more electrodes arranged in the one direction to which the 
picture signal of like-pole nature is supplied, The active-matrix substrate which 
has the 2nd electrode group which consists of two or more electrodes arranged 
in the one direction to which a polar picture signal which adjoins this 1st 
electrode group and is different from said 1st electrode group is supplied, It is 
liquid crystal equipment equipped with the liquid crystal layer which the dielectric 
constant anisotropy pinched between the opposite substrate by which opposite 
arrangement was carried out with this active-matrix substrate, and said 
active-matrix substrate and said opposite substrate becomes from forward liquid 
crystal. The direction of a major axis of the liquid crystal molecule by the side of 
said active-matrix substrate among said liquid crystal layers it is characterized by 
being arranged so that it may meet in said 1st electrode group and the array 
direction of said electrode of the plurality of each 2nd electrode group mostly in 
the condition of not supplying the picture signal to said 1st electrode group and 



the 2nd electrode group. 

[0011] if another expression is carried out, the orientation film will be prepared 
on the field by the side of said liquid crystal layer of said active-matrix substrate, 
and the 1st liquid crystal equipment of this invention will be characterized by 
performing orientation processing which makes the direction which met in said 
1st electrode group and the array direction of said electrode of the plurality of 
each 2nd electrode group mostly at this orientation film the direction of 
orientation. 

[0012] The 1st electrode group which the 2nd liquid crystal equipment of this 
invention becomes from two or more electrodes arranged in the one direction to 
which the picture signal of like-pole nature is supplied, The active-matrix 
substrate which has the 2nd electrode group which consists of two or more 
electrodes arranged in the one direction to which a polar picture signal which 
adjoins this 1st electrode group and is different from said 1st electrode group is 
supplied, It is liquid crystal equipment equipped with the liquid crystal layer which 
the dielectric constant anisotropy pinched between the opposite substrate by 
which opposite arrangement was carried out with this active-matrix substrate, 
and said active-matrix substrate and said opposite substrate becomes from 
forward liquid crystal. The direction of a major axis of the liquid crystal molecule 
by the side of said active-matrix substrate among said liquid crystal layers In the 



condition of not supplying the picture signal to said 1st electrode group and the 
2nd electrode group Said 1st electrode group, It is arranged, so that the direction 
of slant may be turned to to the array direction of said electrode of the plurality of 
each 2nd electrode group It is characterized by being able to twist so that the 
end side of the direction of a major axis of said liquid crystal molecule may carry 
out plane view towards said opposite substrate side from said active-matrix 
substrate side and the formation field of said 1st electrode group and the 
formation field of said 2nd electrode group may be straddled, and being 
arranged. 

[0013] If another expression is carried out, the 2nd liquid crystal equipment of 
this invention The orientation film is prepared, respectively on the field by the 
side of said liquid crystal layer of said active-matrix substrate and said opposite 
substrate. Orientation processing which makes the direction of slant the direction 
of orientation at these orientation film to said 1st electrode group and the array 
direction of said electrode of the plurality of each 2nd electrode group is 
performed. The direction tip side of orientation of the orientation film by the side 
of said active-matrix substrate and each orientation film by the side of said 
opposite substrate carries out plane view, and it is characterized by locating one 
side in the formation field of said 1st electrode group, and locating another side 
in the formation field of said 2nd electrode group. 



[0014] Especially this invention persons found out that the relation between the 
direction of the horizontal electric field generated on a active-matrix substrate 
and the direction (can also be said to be the direction of orientation in the 
orientation processing performed to a substrate) of the liquid-crystal molecule in 
an initial state (electrical-potential-difference condition do not impress) of 
orientation has been greatly concerned with generating of disclination, as a 
result of considering wholeheartedly the cause which the poor display by 
disclination generates, when the Rhine reversal drive and a column reversal 
drive perform. Hereafter, this is explained using a drawing. 
[0015] Drawing 14 is drawing showing typically the relation between the direction 
of the horizontal electric field on a active-matrix substrate, and the direction of 
orientation, and the relation [ can set drawing 14 (a) in the conventional relation, 
and / drawing 14 / (b) ] to the 1st liquid crystal equipment of this invention and 
drawing 14 (c) show the relation to the 2nd liquid crystal equipment of this 
invention. Drawing 14 (a) Although four pixel electrodes are illustrated in - (c), 
the electrical potential difference of forward (+) is impressed for a sign at two 
pixel electrode 100a of an upper case, and the sign shows the condition that the 
electrical potential difference of negative (-) was impressed to pixel electrode 
100b which is two of the lower berth. Therefore, the direction of horizontal 
electric field turns-into the vertical direction in drawing. 



[0016] Moreover, in drawing 14 (a) - (c), the arrow head Ra of a continuous line 
shows the direction of orientation by the side of a active-matrix substrate. 
Hereafter, on these specifications, it will be shown at an angle of [ theta ] the 
counterclockwise rotation by the side of the direction tip of orientation when 
making into the datum line the straight line prolonged in the direction of 
orientation in the direction (longitudinal direction on a drawing) which meets the 
scanning line (tip side of the arrow head when expressing the direction of 
orientation with an arrow head). Therefore, the direction Ra of orientation by the 
side of a active-matrix substrate is 135 degrees in the conventional example of 
drawing 14 (a) with 0 degree and the 2nd liquid crystal equipment of this 
invention of drawing 14 (c) in 90 degrees and the 1st liquid crystal equipment of 
this invention of drawing 14 (b). In addition, TN mode is assumed here, and 
although the arrow head Rb of the broken line which makes the include angle of 
90 degrees to the arrow head Ra of a continuous line shows the direction of 
orientation by the side of an opposite substrate, about the 1st liquid crystal 
equipment of this invention, the direction of orientation by the side of an opposite 
substrate is considered that there is little effect by operation of this invention. 
[0017] Drawing 15 shows typically the situation of the electric field generated 
when an electrical potential difference is impressed to each pixel electrode and a 
common electrode, respectively. Ground potential should be impressed [ pixel 



electrode 100a of the left-hand side in drawing ] to electronegative potential and 
the common electrode 101 at pixel electrode 100b of electropositive potential 
and right-hand side. In addition, with actual liquid crystal equipment, the 
potential of the pixel electrodes 100a and 100b and the common electrode 101 
is given with the potential which filled above-mentioned potential relation 
effectually according to the property of a pixel switching transistor. At this time, in 
the center section of left-hand side pixel electrode 100a, the electric field which 
face to the common electrode 101 from pixel electrode 100a occur, and the 
electric field (these electric fields are called vertical electric field here) which go 
to pixel electrode 100b from the common electrode 101 occur in the center 
section of right-hand side pixel electrode 100b. Moreover, in the liquid crystal 
layer 103 of active-matrix substrate 102 approach, the electric field (this electric 
field are called horizontal electric field here) which go to right-hand side pixel 
electrode 100b from left-hand side pixel electrode 100a occur in the periphery 
section of the pixel electrodes 100a and 100b. 

[0018] About the effect of the liquid crystal molecule on these length electric field 
and horizontal electric field, the case of the 1st liquid crystal equipment of this 
invention is mentioned as an example, and is explained. As shown in drawing 14 
(a), since the direction of horizontal electric field and the direction Ra of 
orientation by the side of the active-matrix substrate 102 (namely, the direction 



of a major axis of the liquid crystal molecule at the time of no 
electrical-potential-difference impressing) are parallel, as shown in drawing 16 
(a), with conventional liquid crystal equipment If vertical electric field are 
expressed as EV and horizontal electric field are expressed as EL, it is parallel (it 
is assumed that it is what the pre tilt is not given here), and liquid crystal 
molecule 110a at the time of no electrical-potential-difference impressing has 
turned the direction of a major axis in the direction parallel to the direction EL of 
horizontal electric field in the substrate side, as the broken line showed. 
[0019] If an electrical potential difference is impressed to pixel 
electrode-common inter-electrode one from this condition, liquid crystal molecule 
110a tends to start along the direction EV of vertical electric field in response to 
the effect of vertical electric field, as a continuous line shows. It takes action 
along the direction EV of vertical electric field mostly for horizontal electric field to 
hardly act on liquid crystal molecule 110a of a pixel center section at this time. 
However, in order that horizontal electric field may act on liquid crystal molecule 
1 10a of the pixel periphery section, even if liquid crystal molecule 1 10a tends to 
start along the direction EV of vertical electric field, it cannot fully start in the 
direction EV of vertical electric field under the effect of horizontal electric field, 
but will be in the condition of having inclined. Extent of the inclination is based on 
the balance of the magnitude of an operation of vertical electric field and 



horizontal electric field. For this reason, the field where the array conditions of 
liquid crystal molecule 110a differ in a pixel center section and the pixel 
periphery section is made, and it is thought that the poor display by disclination 
had taken place. 

[0020] On the other hand, liquid crystal molecule 110b at the time of no 
electrical-potential-difference impressing has turned the direction of a major axis 
in the direction (direction which penetrates space) perpendicular to the direction 
EL of horizontal electric field in parallel with a substrate side, as were shown [ in 
the case of the 1st liquid crystal equipment of this invention ] in drawing 16 (b) 
unlike conventional liquid crystal equipment and the broken line showed it. 
[0021] If an electrical potential difference is impressed to pixel 
electrode-common inter-electrode one from this condition, liquid crystal molecule 
1 10b tends to start along the direction EV of vertical electric field in response to 
vertical electric field, as a continuous line shows. Also in this invention, it takes 
action along the direction EV of vertical electric field mostly for horizontal electric 
field to hardly act on liquid crystal molecule 1 10b of a pixel center section at this 
time. However, in the case of the liquid crystal equipment of this invention, 
horizontal electric field may act to liquid crystal molecule 110b of the pixel 
periphery section, but it becomes small far from the case where the effect of 
substantial horizontal electric field to a motion of liquid crystal molecule 110b is 



conventional liquid crystal equipment. 

[0022] That is, since the direction of orientation from the first and the direction of 
horizontal electric field are parallel in the conventional case, horizontal electric 
field will act in the direction which returns directly the motion to which liquid 
crystal molecule 110a tends to start from a condition parallel to a substrate side, 
and liquid crystal molecule 110a tends to be easily influenced of horizontal 
electric field. Since the direction of orientation from the first and the direction of 
horizontal electric field are perpendicular compared with it in the case of this 
invention, as for the direction of a motion where liquid crystal molecule 110b 
tends to start in the perpendicular condition from a condition parallel to a 
substrate side, the direction where horizontal electric field act will intersect 
perpendicularly, and liquid crystal molecule 110b stops being influenced of 
horizontal electric field easily. Thus, according to the 1st liquid crystal equipment 
of this invention, the poor display which can control generating of disclination 
compared with conventional equipment, consequently originates in disclination 
can be reduced. 

[0023] As mentioned above, although the reason which can control disclination 
with the 1st liquid crystal equipment of this invention was explained, also in the 
2nd liquid crystal equipment of this invention, the same operation can be done 
so by liquid crystal equipment and a part of the 1st. In the case of the 2nd liquid 



crystal equipment of this invention, namely, the direction of a major axis of the 
liquid crystal molecule by the side of a active-matrix substrate The direction of 
slant is turned to to the array direction of two or more electrodes which constitute 
each electrode group. Since it can twist so that the end side of the direction of a 
major axis of a liquid crystal molecule may straddle the formation field of the 1st 
electrode group, and the formation field of the 2nd electrode group towards an 
opposite substrate side from a active-matrix substrate side, and it is arranged, In 
the middle of the thickness direction of a liquid crystal layer, the field where the 
direction of orientation of a liquid crystal molecule and the direction of horizontal 
electric field become an abbreviation perpendicular will exist like the 1st liquid 
crystal equipment of this invention. Therefore, compared with conventional liquid 
crystal equipment, a liquid crystal molecule stops easily being influenced of 
horizontal electric field about the liquid crystal molecule of this field too. 
Therefore, generating of disclination can be controlled also in the 2nd liquid 
crystal equipment of this invention. 

[0024] As mentioned above, although the operation of this invention was 
explained qualitatively, this invention persons perform simulation of the 
transmission when changing the above-mentioned direction of orientation, and 
are actually checking that the generating field of disclination is small made by 
the configuration of the 1st of this invention, and the 2nd liquid crystal equipment. 



About this simulation result, it mentions later. 

[0025] Moreover, it is desirable to give a pre tilt to the liquid crystal molecule by 
the side of a active-matrix substrate, and, as for the pre tilt angle, it is desirable 
to set it as the range of 3 degrees - 30 degrees. In the case of the liquid crystal 
equipment of the general former, the pre tilt angle is set as 1 degree - about 3 
degrees, but if a pre tilt angle is made larger than this, a liquid crystal molecule 
stops being influenced of horizontal electric field more easily, and can control 
generating of disclination further. Moreover, if a pre tilt angle exceeds 30 
degrees, since the permeability of the light at the time of a white display will fall 
and a display will become dark, it is not desirable. 

[0026] Although there are various approaches in the concrete means for it being 
larger than before and making a pre tilt angle into the range of 3 degrees - 30 
degrees, the inorganic material film is formed on a active-matrix substrate, using 
for example, the method vacuum deposition of slanting as an approach excellent 
in especially the controllability of a pre tilt angle, and there is the approach of 
making this the orientation film. Under the present circumstances, a pre tilt angle 
is controllable by adjusting the vacuum evaporationo include angle at the time of 
performing the method vacuum evaporationo of slanting. Moreover, there is the 
approach of forming the orientation film with which the columnar structure object 
of the inorganic material which inclined in the one direction, and the columnar 



structure object of the inorganic material which inclined in the inclination 
direction of this columnar structure object and the different direction were 
intermingled by changing the vacuum evaporationo direction in a substrate side, 
and performing the method vacuum evaporationo of slanting of multiple times as 
an approach effective in increase of a pre tilt angle. 

[0027] In the case of the liquid crystal equipment of this invention, the 
disclination by horizontal electric field can fully control by the above-mentioned 
configuration. Therefore, in a active-matrix substrate, if flattening of the substrate 
front face in the formation field of the signal line for driving each electrode of the 
1st electrode group and the 2nd electrode group and the substrate front face in 
the formation field of each electrode is carried out, since the poor orientation at 
the time of orientation film formation will be reduced, thereby, generating of a 
poor display can be prevented further. 

[0028] The projection mold display of this invention is characterized by having 
the light source, the light modulation means which consists of liquid crystal 
equipment of above-mentioned this invention which modulates the light from 
said light source, and the delivery system which projects the light modulated by 
said light modulation means. While the image excellent in display grace is 
obtained according to this configuration, highly minute-ization can be attained. 
[0029] The electronic equipment of this invention is characterized by having 



liquid crystal equipment of above-mentioned this invention. According to this 
configuration, electronic equipment equipped with the liquid crystal display 
section excellent in display grace is realizable. 
[0030] 

[Embodiment of the Invention] The gestalt of 1 operation of this invention is 
explained with reference to drawing 1 - drawing 7 below [the configuration of 
liquid crystal equipment]. The liquid crystal equipment of the gestalt of this 
operation is active matrix liquid crystal equipment which used TN (Twisted 
Nematic) mode as a display mode. The A-A' line sectional view of drawing 2 and 
drawing 4 of representative circuit schematics, such as a switching element in 
two or more pixels arranged in the shape of [ from which drawing 1 constitutes 
the viewing area of liquid crystal equipment ] a matrix, and a signal line, the top 
view of two or more pixel groups where the TFT array substrate with which, as 
for drawing 2 , the data line, the scanning line, a pixel electrode, etc. were 
formed adjoins each other, and drawing 3 are the B-B' line sectional views of 
drawing 2 . In addition, in each following drawing, in order to make each class 
and each part material into the magnitude of extent which can be recognized on 
a drawing, the scale is changed for each class or every each part material. 
[0031] In the liquid crystal equipment of the gestalt of this operation, as shown in 
drawing 1 , the thin film transistor (it is written as TFT Thin Film Transistor and 



the following) 30 which is a switching element for controlling pixel electrode 9a 
and the pixel electrode 9a concerned is formed in two or more pixels arranged in 
the shape of [ which constitutes an image display field ] a matrix, respectively, 
and data-line 6a to which a picture signal is supplied is electrically connected to 
the source concerned of TFT30. The picture signals S1, S2, --, Sn written in 
data-line 6a are supplied for every group to two or more data-line 6a which are 
supplied to this order line sequential, or adjoin each other. Moreover, 
scanning-line 3a is electrically connected to the gate of TFT30, and the scan 
signals G1, G2, -, Gm are impressed by line sequential in pulse to 
predetermined timing to two or more scanning-line 3a. It connects with the drain 
of TFT30 electrically, and pixel electrode 9a writes in the picture signals S1, S2, 
--, Sn supplied from data-line 6a to predetermined timing, when only a fixed 
period turns on TFT30 which is a switching element. 

[0032] Fixed period maintenance of the picture signals S1, S2, -, Sn of the 
predetermined level written in liquid crystal through pixel electrode 9a is carried 
out between the common electrodes mentioned later. When the orientation and 
order of molecular association change with the voltage levels impressed, liquid 
crystal modulates light and enables a gradation display. According to the 
electrical potential difference impressed when it was in no MARI White mode, 
the amount of transmitted lights of incident light decreases, if it is in NOMA reeve 



rack mode, according to the impressed electrical potential difference, the 
amount of transmitted lights of incident light will increase, and light with the 
contrast according to a picture signal will carry out outgoing radiation from liquid 
crystal equipment as a whole. Here, in order to prevent the held picture signal 
leaking, storage capacitance 70 is added to the liquid crystal capacity and 
juxtaposition which are formed between pixel electrode 9a and a common 
electrode. 

[0033] In the case of the liquid crystal equipment of the gestalt of this operation, 
as shown in drawing 2 , two or more transparent pixel electrode 9a (dotted-line 
section 9a' shows a profile) is prepared in the shape of a matrix on the TFT array 
substrate, and data-line 6a, scanning-line 3a, and capacity line 3b are prepared 
respectively along the boundary of pixel electrode 9a in every direction. 
Data-line 6a is electrically connected to the below-mentioned source field 
through the contact hole 5 among semi-conductor layer 1a which consists for 
example, of polish recon film, and pixel electrode 9a is electrically connected to 
the below-mentioned drain field through the contact hole 8 among 
semi-conductor layer 1a. Moreover, scanning-line 3a is arranged so that the 
below-mentioned channel field (field of the slash of a ****** riser) may be 
countered among semi-conductor layer 1a, and scanning-line 3a functions as a 
gate electrode in the part which counters a channel field. In addition, 



semi-conductor layer 1a is not restricted to polish recon, sticks single crystal 
silicon, for example, may form. 

[0034] The main track section in which capacity line 3b is extended in the shape 
of an abbreviation straight line along with scanning-line 3a (namely, the 1st field 
which saw superficially and was formed along with scanning-line 3a), It has the 
lobe (namely, the 2nd field which saw superficially and was installed along with 
data-line 6a) projected to the preceding paragraph side (drawing Nakagami 
sense) along with data-line 6a from the part which intersects data-line 6a. And 
two or more 1st light-shielding film 11a is prepared in the field shown with the 
slash upward slanting to the right among drawing 2 . 1st light-shielding film 11a 
looks at TFT30 which includes the channel field of semi-conductor layer 1a in a 
picture element part from a TFT array substrate side, respectively, and is more 
specifically prepared in the wrap location. Furthermore, it has the lobe projected 
to the latter-part side (namely, drawing Nakashita sense) which adjoins the main 
track section which counters the main track section of capacity line 3b, and is 
extended in the shape of a straight line along with scanning-line 3a along with 
data-line 6a from the part which intersects data-line 6a. The tip of the downward 
lobe in each stage (pixel line) of 1st light-shielding film 11a has lapped with the 
tip of the upward lobe of capacity line 3b in the next step in the bottom of 
data-line 6a. The contact hole 13 which connects electrically 1st light-shielding 



film 11a and capacity line 3b mutually is established in this overlapping part. 
That is, with the gestalt of this operation, 1st light-shielding film 11a is electrically 
connected to capacity line 3b of the preceding paragraph or the latter part by the 
contact hole 13. 

[0035] Next, if cross-section structure is seen, as shown in drawing 3 , the liquid 
crystal equipment of the gestalt of this operation has the transparence substrate 
of a pair, and is equipped with the TFT array substrate 10 which forms the 
substrate of one of these, and the opposite substrate 20 which forms to this the 
substrate of another side by which opposite arrangement was carried out. The 
TFT array substrate 10 consists of for example, a quartz substrate or hard glass, 
and the opposite substrate 20 consists of a glass substrate or a quartz substrate. 
Pixel electrode 9a which consists of transparence electric conduction film, such 
as an indium stannic acid ghost (it is written as ITO Indium Tin Oxide and the 
following), is prepared, and TFT30 for pixel switching which carries out switching 
control of each pixel electrode 9a is formed in the location which adjoins each 
pixel electrode 9a on the TFT array substrate 10 at the TFT array substrate 10. 
TFT30 for pixel switching has LDD (Lightly Doped Drain) structure. Channel field 
1a' of semi-conductor layer 1a in which a channel is formed of the electric field 
from scanning-line 3a and concerned scanning-line 3a, It has 1d of high 
concentration source fields of low concentration source field 1b of the insulating 



thin film 2 and data-line 6a which insulate scanning-line 3a and semi-conductor 
layer 1a, and semi-conductor layer 1a and low concentration drain field 1c, and 
semi-conductor layer 1a, and high concentration drain field 1e. 
[0036] Moreover, on the TFT array substrate 10 including the above-mentioned 
scanning-line 3a and insulating thin film 2 top, the 2nd interlayer insulation film 4 
with which the contact hole 5 which leads to 1d of high concentration source 
fields, and the contact hole 8 which leads to high concentration drain field 1e 
were formed respectively is formed. That is, data-line 6a is electrically connected 
to 1d of high concentration source fields through the contact hole 5 which 
penetrates the 2nd interlayer insulation film 4. Furthermore, on data-line 6a and 
the 2nd interlayer insulation film 4, the 3rd interlayer insulation film 7 with which 
the contact hole 8 which leads to high concentration drain field 1e was formed is 
formed. That is, high concentration drain field 1e is electrically connected to pixel 
electrode 9a through the contact hole 8 which penetrates the 2nd interlayer 
insulation film 4 and the 3rd interlayer insulation film 7. In addition, pixel 
electrode 9a and high concentration drain field 1e are good also as a 
configuration which relays aluminum film of the same layer as data-line 6a, and 
the polish recon film of the same layer as scanning-line 3b, and is connected 
electrically. 

[0037] Although it is desirable to have LDD structure as mentioned above as for 



TFT30 for pixel switching, it may be TFT of the self aryne mold which may adopt 
as the field equivalent to above-mentioned low concentration source field 1b and 
low concentration drain field 1c the offset structure which does not drive in 
impurity ion, drives impurity ion into it by high concentration by using a gate 
electrode as a mask, and forms the high concentration source and a drain field in 
it in self align. 

[0038] Moreover, although considered as the single gate structure which has 
arranged one gate electrode which consists of a part of scanning-line 3a of 
TFT30 for pixel switching between source drain fields with the gestalt of this 
operation, two or more gate electrodes may be arranged among these. Under 
the present circumstances, to each gate electrode, the same signal is made to 
be impressed. Thus, if TFT is constituted above the dual gate (double-gate) or 
the triple gate, the leakage current of a channel and a source drain field joint can 
be prevented, and the current at the time of OFF can be reduced. At least one of 
these gate electrodes may be made into LDD structure or offset structure. 
[0039] Moreover, storage capacitance 70 is constituted by installing the 
insulating thin film 2 which turns into gate dielectric film as the gestalt of this 
operation shows to drawing 3 and drawing 4 from the location which counters 
the gate electrode which consists of a part of scanning-line 3a, using as a 
dielectric film, installing semi-conductor layer 1a, considering as the 1f of the 1st 



storage capacitance electrodes, and using as the 2nd storage capacitance 
electrode a part of capacity line 3b which counters these further. More, it is 
installed in the bottom of data-line 6a and scanning-line 3a, and into the capacity 
line 3b part similarly prolonged along with data-line 6a and scanning-line 3a, 
opposite arrangement is carried out through the insulating thin film 2, and let 
high concentration drain field 1e of semi-conductor layer 1a be the 1f of the 1st 
storage capacitance electrodes at the detail. Especially, when the insulating thin 
film 2 as a dielectric of storage capacitance 70 is the same film as the gate 
dielectric film of TFT30 for pixel switching formed on the polish recon film of high 
temperature oxidation, it can consider as the thin insulator layer of high 
pressure-proofing, and storage capacitance 70 can be comparatively made into 
storage capacitance mass in small area. 

[0040] Moreover, as shown in drawing 3 , 1st light-shielding film 11a is prepared 
in the location corresponding to each TFT30 for pixel switching of TFT array 
substrate 10 front face. Moreover, between 1st light-shielding film 11a and two 
or more TFT30 for pixel switching, the 1st interlayer insulation film (insulator 
layer) 12 is formed. The 1st interlayer insulation film 12 is formed in order to 
insulate electrically semi-conductor layer 1a which constitutes TFT30 for pixel 
switching from 1st light-shielding film 11a. Furthermore, the 1st interlayer 
insulation film 12 is formed all over the TFT array substrate 10, in order to cancel 



the level difference of a 1st light-shielding film 11a pattern, a front face is ground, 
and flattening processing is performed. In case especially this flattening 
processing sticks single crystal silicon, it is important. The 1st interlayer 
insulation film 12 consists of for example, high insulation glass, an oxidation 
silicone film, a silicon nitride film, etc. This 1st interlayer insulation film 12 can 
also protect the situation where 1st light-shielding film 11a pollutes the TFT30 
grade for pixel switching. 

[0041] The above-mentioned 1st light-shielding film 11a (and capacity line 3b 
electrically connected to this) is electrically connected to the constant source of 
potential, and let 1st light-shielding film 11a and capacity line 3b be constant 
potentials. Therefore, potential fluctuation of 1st light-shielding film 11a does not 
have a bad influence on 1st light-shielding film 11a to TFT30 for pixel switching 
by which opposite arrangement is carried out. Moreover, capacity line 3b may 
function good as the 2nd storage capacitance electrode of storage capacitance 
70. In this case, constant sources of potential, such as a negative supply 
supplied to the circumference circuits (for example, a scanning-line drive circuit, 
a data-line drive circuit, etc.) for driving the liquid crystal equipment concerned 
as a constant source of potential and a positive supply, a touch-down power 
source, the constant source of potential supplied to a common electrode are 
mentioned. Thus, if the power source of a circumference circuit etc. is used, it is 



not necessary to prepare potential wiring and the external input terminal of 
dedication, and 1st light-shielding film 11a and capacity line 3b can be made into 
constant potential. 

[0042] Furthermore, in storage capacitance 70, as shown in drawing 3 , 1st 
light-shielding film 11a is constituted so that (storage capacitance 70 reference 
on the right-hand side of drawing 3 ) and storage capacitance may be further 
given to the 1f of the 1st storage capacitance electrodes in the opposite side of 
capacity line 3b as the 2nd storage capacitance electrode by carrying out 
opposite arrangement as the 3rd storage capacitance electrode through the 1st 
interlayer insulation film 12. That is, with this operation gestalt, the double 
storage capacitance structure where storage capacitance is given to both sides 
on both sides of the 1f of the 1st storage capacitance electrodes is built, and 
storage capacitance increases more. 

[0043] Moreover, through the contact hole 13, as shown in drawing 2 and 
drawing 3 , in addition to preparing 1st light-shielding film 11a in the TFT array 
substrate 10, 1st light-shielding film 11a is constituted so that it may connect 
electrically at capacity line 3b of the preceding paragraph or the latter part, 
therefore, every - as compared with the case where 1st light-shielding film 11a 
is electrically connected to the capacity line of the next step, along the edge of 
the opening field of a picture element part, there are few level differences to 



other fields of the field where capacity line 3b and 1st light-shielding film 11a are 
formed in data-line 6a in piles, and they end. Thus, if there are few level 
differences along the edge of the opening field of a picture element part, since 
the disclination (poor orientation) of the liquid crystal caused according to the 
level difference concerned can be reduced, it becomes possible to extend the 
opening field of a picture element part. Moreover, the contact hole 13 is 
punctured by the lobe which projected 1st light-shielding film 11a from the main 
track section extended in the shape of a straight line as mentioned above. A 
crack can be made hard to produce for the reason of stress being relieved from 
an edge as a puncturing part of a contact hole 13, here, so that it is close to an 
edge. 

[0044] Moreover, as mentioned above, since 1st light-shielding film 11a is 
prepared in the TFT30 bottom for pixel switching, the incidence of the return light 
to channel field 1a' of semi-conductor layer 1a and the low concentration source, 
and the drain fields (LDD field) 1b and 1c can be prevented effectively at least. In 
addition, with this operation gestalt, since capacity line 3b and 1st light-shielding 
film 11a which were prepared in the pixel of the preceding paragraph which 
adjoins each other, or the latter part are connected, capacity line 3b for 
supplying constant potential to 1st light-shielding film 11a to the pixel of the 
bottom in the maximum upper case is needed. Then, it is good to form the 



number of capacity line 3b in 1 excess to the number of perpendicular pixels. 
[0045] On the other hand, the 2nd light-shielding film 23 is formed in fields other 
than the field which counters the opposite substrate 20 to the formation field of 
data-line 6a on the TFT array substrate 10, scanning-line 3a, and TFT30 for 
pixel switching, i.e., the opening field of each picture element part. Furthermore, 
on the opposite substrate 20 including the 2nd light-shielding film 23 top, the 
common electrode 21 is formed over the whole surface. It is formed from 
transparence electric conduction film, such as ITO, like [ the common electrode 
21 ] pixel electrode 9a of the TFT array substrate 10. By existence of the 2nd 
light-shielding film 23, the incident light from the opposite substrate 20 side does 
not invade into channel field 1a' of semi-conductor layer 1a of TFT30 for pixel 
switching, low concentration source field field 1b, and low concentration drain 
field 1c. Furthermore, the 2nd light-shielding film 23 has functions, such as color 
mixture prevention of color material, and a function as the so-called black matrix, 
when it has improvement in contrast, and a color filter. 

[0046] And on pixel electrode 9a in the TFT array substrate 10, and the 3rd 
interlayer insulation film 7, on the common electrode 21 in the opposite substrate 
20, the orientation film 36 and 42 which consists of resin film, such as inorganic 
film, such as SiO, or polyimide, is formed, respectively, and the liquid crystal 
layer 50 to which a dielectric constant anisotropy consists of forward liquid 



crystal among these substrates is pinched. In order to realize the means of 
displaying in TN mode in the case of the liquid crystal equipment of the gestalt of 
this operation, orientation processing is performed to the orientation film 36 and 
42 on each substrate so that the 90 degrees of each directions of orientation 
may serve as distorted relation. Namely, on the orientation film 36 on the TFT 
array substrate 10, as an arrow head shows to drawing 2 , so that the direction 
(direction shown by the arrow head Ra of a continuous line) which goes to the 
right from ****** along the extension direction of scanning-line 3a may turn into 
the direction (0 degree) of orientation Moreover, orientation processing to which 
the direction (direction shown by the arrow head Rb of a broken line) which goes 
upwards from drawing Nakashita along the extension direction of data-line 6a 
turns into the direction (90 degrees) of orientation is performed to the orientation 
film 42 on the opposite substrate 20, respectively. 

[0047] This orientation processing can take various approaches according to the 
class of orientation film. For example, when using SiO as an ingredient of the 
orientation film, it can suppose that the SiO film is formed with the method 
vacuum deposition of slanting, and the direction of orientation of the orientation 
film can be controlled by choosing suitably from the source of vacuum 
evaporationo the direction of range of the atom which faces to a substrate, and 
the so-called vacuum evaporationo direction in a substrate side. Or using 



polyimide as an ingredient of the orientation film, when using the rubbing method 
for orientation processing, the direction of orientation of the orientation film can 
be controlled by choosing suitably the direction which grinds the polyimide film 
against a rubbing cloth. 

[0048] The liquid crystal equipment of the gestalt of this operation is premised on 
performing the Rhine reversal drive as a drive method. That is, make into the 1st 
electrode group two or more pixel electrode 9a which adjoins in the direction 
(longitudinal direction in drawing 2 ) in alignment with one scanning-line 3a, and 
let two or more pixel electrode 9a which adjoins in the direction (lengthwise 
direction in drawing 2 ) in alignment with each of pixel electrode 9a of these 
plurality, and data-line 6a, and adjoins in the direction (longitudinal direction in 
drawing 2 ) in alignment with one scanning-line 3a be the 2nd electrode groups. 
And when the picture signal of forward (+) is supplied for a polarity to the 1st 
electrode group by one frame of arbitration, the picture signal of negative (-) is 
supplied for a polarity to the 2nd electrode group. When a polarity is reversed 
with the following frame and the picture signal of negative (-) is supplied for a 
polarity to the 1st electrode group, a polarity in the 2nd electrode group as the 
picture signal of forward (+) is supplied It has the composition that a polar picture 
signal which is different in two pixel electrode 9a on a par with the lengthwise 
direction in drawing 2 if it sees by each pixel electrode 9a is supplied to the 1st 



electrode group and the 2nd electrode group. 

[0049] In the liquid crystal equipment of the gestalt of this operation, the direction 
of the horizontal electric field which the relation of the polar array of a picture 
signal and the direction of orientation of a liquid crystal molecule which are 
supplied to each pixel electrode 9a at the time of a drive showed to drawing 14 
(b), and generates at the time of electrical-potential-difference impression, and 
the direction of orientation given to the TFT array substrate 10 lie at right angles 
mostly. Therefore, the direction of the motion which is going to start in the 
perpendicular condition from a condition with a liquid crystal molecule parallel to 
a substrate side, and the direction where horizontal electric field act will cross at 
right angles mostly, and a liquid crystal molecule stops being influenced of 
horizontal electric field easily as the term of "The means for solving a technical 
problem" described. Thus, according to the liquid crystal equipment of the 
gestalt of this operation, the poor display which can control generating of 
disclination compared with conventional equipment, consequently originates in 
disclination can be reduced. 

[0050] moreover, the pre tilt angle of the liquid crystal molecule in an initial state 
(electrical-potential-difference condition of not impressing) is about 1-3 degrees, 
it comes out to this extent and the gestalt of this operation is also available for it 
with the liquid crystal equipment of the general former. However, when a bigger 



pre tilt angle than that [ about 3-30-degree ] is given to a liquid crystal molecule, 
a liquid crystal molecule is desirable at the point which becomes unable to be 
influenced of horizontal electric field more easily, can control generating of 
disclination further, and can raise display grace more. Moreover, if a pre tilt 
angle exceeds 30 degrees, since the permeability of the light at the time of a 
white display will fall and a display will become dark, it is not desirable. 
[0051] Here, although there are various approaches in the concrete means for it 
being larger than before and making a pre tilt angle into the range of 3 degrees - 
30 degrees, the inorganic material film is formed on the active-matrix substrate 
10, using for example, the method vacuum deposition of slanting as an approach 
excellent in especially the controllability of a pre tilt angle, and there is the 
approach of making this the orientation film 36. Under the present circumstances, 
a pre tilt angle is controllable by adjusting the vacuum evaporationo include 
angle to the substrate side at the time of performing the method vacuum 
evaporationo of slanting. Moreover, there is the approach of forming the 
orientation film with which the columnar structure object of the inorganic material 
which inclined in the one direction, and the columnar structure object of the 
inorganic material which inclined in the inclination direction of this columnar 
structure object and the different direction were intermingled by changing the 
vacuum evaporationo direction in a substrate side, and performing the method 



vacuum evaporationo of slanting of multiple times as an approach effective in 
increasing a pre tilt angle. 

[0052] Although the gestalt of this operation showed the example which 
performed orientation processing of the 0 degree of the directions of orientation 
to the orientation film 36 by the side of the TFT array substrate 10, and 
performed orientation processing of the 90 degrees of the directions of 
orientation to the orientation film 42 by the side of the opposite substrate 20, the 
combination of the suitable direction of orientation for this invention is not 
restricted to this. In addition to this, as shown in drawing 7 (a), the direction of 
orientation by the side of the TFT array substrate 10 may be [ the direction of 
orientation by the side of 180 degrees and the opposite substrate 20 ] 90 
degrees. Moreover, it is good also as a configuration which makes 45 degrees to 
the array direction of pixel electrode 9a to which the picture signal of like-pole 
nature is supplied. In that case, as shown in drawing 7 (b), as shown in the 
combination and drawing 7 (c) whose direction of orientation by the side of 45 
degrees and the opposite substrate 20 is 315 degrees, the direction of 
orientation by the side of the TFT array substrate 10 As the direction of 
orientation by the side of the TFT array substrate 10 shows the combination and 
drawing 7 (d) whose direction of orientation by the side of 225 degrees and the 
opposite substrate 20 is 135 degrees, the combination whose direction of 



orientation by the side of 315 degrees and the opposite substrate 20 the 
direction of orientation by the side of the TFT array substrate 10 is 45 degrees 
can be considered. The direction of clear vision can be suitably set up by 
changing this combination. Moreover, plane view of the direction of torsion of the 
liquid crystal molecule between the TFT array substrate 10 and the opposite 
substrate 20 may be carried out, and it may be right-handed rotation, or may be 
left-handed rotation. 

[0053] Moreover, although the example in TN mode was given with the gestalt of 
this operation, the twist angle of liquid crystal is not restricted to 90 degrees, 
without restricting this invention to TN mode. Therefore, when the twist angle of 
liquid crystal is carried out except 90 degree, the combination of the direction of 
orientation by the side of the TFT array substrate 10 and the opposite substrate 
20 can consider many variations except having been shown in the top. Even in 
such a case, the thing which the direction of orientation by the side of (1) 
active-matrix substrate 10 meets in the array direction of two or more pixel 
electrode 9a of each 1st and 2nd electrode group to which the picture signal of 
like-pole nature is supplied, (2) -- the orientation film 36 by the side of the 
active-matrix substrate 10, and the orientation film 42 by the side of the opposite 
substrate 20 - one side needs to be located in the formation field of the 1st 
electrode group, and each direction tip side of orientation needs to satisfy that 



another side is located in the formation field of the 2nd electrode group, and the 
conditions of ********. 

[0054] In addition, although the value exact like "0 degree", "45 degrees", and 
"90 degrees" indicated the direction of orientation in the upper explanation, 
suppose that the value of the range of less than **5 degrees is permitted from 
these values in this invention. Considering that the reason actually manufactures 
liquid crystal equipment, the include-angle gap at the time of orientation 
processing of the lamination gap between up-and-down substrates (especially 
gap of the hand of cut within a substrate side), rubbing, the method vacuum 
evaporationo of slanting, etc., etc. is because the variation in less than 5-degree 
extent is expected, the time of indicating it as "the direction met mostly", "about 
45 etc. degrees", etc. in the "claim" of this specification - "-- almost - " -- it is 
semantics [ more than ]. 

[0055] Moreover, although the gestalt of this operation showed the example 
which adopted the Rhine reversal drive as a drive method, it is also possible to 
apply this invention to the liquid crystal equipment which adopted the column line 
reversal drive. If the direction of the horizontal electric field in the explanation in 
the Rhine reversal drive, the 90 degrees of the directions of orientation etc., etc. 
are rotated also in that case and it thinks, it completely becomes the same 
operation and the same effectiveness can be acquired. 



[0056] Since the periphery section of pixel electrode 9a in which signal lines, 
such as data-line 6a and scanning-line 3a, capacity line 3b, etc. were formed is 
high compared with a center section and a level difference is formed in this part 
with the gestalt of this operation, as shown in drawing 4 , Although it is good to 
reduce the disclination which originates in horizontal electric field according to 
an operation of this invention, there is a possibility that the disclination which 
originated in the poor orientation of a level difference part depending on the case 
may occur. In that case, if flattening of the substrate front face of the periphery 
section and the substrate front face of a pixel center section which are the pixel 
in which the signal line, the capacity line, etc. were formed is carried out, since 
the poor orientation at the time of orientation processing will be reduced, 
generating of disclination can be prevented further. 

[0057] As shown in drawing 5 , it etches into a transparence substrate and slot 
10a of the predetermined depth is beforehand dug in the field which forms 
data-line 6a, capacity line 3b, etc., and if they are formed into it as data-line 6a, 
capacity line 3b, etc. are embedded, specifically, flattening of the substrate front 
face (front face of the orientation film 36) can be carried out mostly. Or if 
flattening of the front face of the 3rd interlayer insulation film 7 is ground and 
carried out using the CMP method once forming thickly the 3rd interlayer 
insulation film 7 of a wrap for data-line 6a, capacity line 3b, etc. as shown in 



drawing 6 , flattening of the substrate front face (front face of the orientation film 
36) can be carried out. Moreover, as other approaches for finally forming the 
same structure as drawing 6 , after forming the 3rd interlayer insulation film 7 by 
BPSG (Boron Phosphorus Silicate Glass), flattening of the front face of the 3rd 
interlayer insulation film 7 may be carried out by carrying out a reflow of the 
BPSG film by heat treatment. Or if the 3rd interlayer insulation film 7 is formed by 
film, such as fluid high SOG (Spin On Glass), from the first, the high front face of 
surface smoothness will be obtained. In addition, it cannot be overemphasized 
that the flattening processing by the interlayer insulation film is not what was 
restricted to the 3rd interlayer insulation film 7, and may carry out flattening with 
the 2nd interlayer insulation film 4, and flattening may be carried out with two or 
more interlayer insulation films. 

[0058] A projection mold display is explained as an example of the electronic 
equipment using above liquid crystal equipment below [electronic equipment]. 
Drawing 8 is the outline block diagram showing an example of the so-called 
projection mold liquid crystal display of 3 plate type which used three liquid 
crystal light valves. Here, the liquid crystal equipment of the gestalt of the 
above-mentioned implementation is used as a liquid crystal light valve, the 
inside of drawing, and a sign 510 the light source and 513,514 in a dichroic 
mirror and 515,516,517, a liquid crystal light valve and 525 show a cross dichroic 



prism, and, as for a reflective mirror and 518,519,520, 526 shows a projection 
lens system, as for a relay lens and 522,523,524. 

[0059] The light source 510 consists of reflectors 512 which reflect the light of 
the lamps 511, such as metal halide, and a lamp 511. The dichroic mirror 513 of 
blue glow and green light reflection reflects blue glow and green light while 
making the red light of the white lights from the light source 510 penetrate. It is 
reflected by the reflective mirror 517 and incidence of the transmitted red light is 
carried out to the liquid crystal light valve 522 for red light. 
[0060] On the other hand, among the colored light reflected with the dichroic 
mirror 513, it is reflected by the dichroic mirror 514 of green light reflection, and 
incidence of the green light is carried out to the liquid crystal light valve 523 for 
green. On the other hand, blue glow also penetrates the 2nd dichroic mirror 514. 
In order to compensate that the optical path length differs from green light and 
red light to blue glow, the light guide means 521 which consists of a relay lens 
system containing the incidence lens 518, a relay lens 519, and the outgoing 
radiation lens 520 is established, and incidence of the blue glow is carried out to 
the liquid crystal light valve 524 for blue glow through this. 
[0061] Incidence of the three colored light modulated with each light valve is 
carried out to the cross dichroic prism 525. As for this prism, the dielectric 
multilayers in which four rectangular prisms reflect the dielectric multilayers 



which are stuck and reflect red light in that inside, and blue glow are formed in 
the shape of a cross joint. Three colored light is compounded by these dielectric 
multilayers, and the light showing a color picture is formed. It is projected on the 
compounded light on a screen 527, and an image is expanded and it is 
displayed by the projection lens system 526 which is an incident light study 
system. 

[0062] While the high image of display grace is obtained by having had liquid 
crystal equipment of the gestalt of the above-mentioned implementation as a 
liquid crystal light valve according to this projection mold liquid crystal display, 
highly minute-ization can be attained. 

[0063] Hereafter, other examples of electronic equipment are explained. 
Drawing 9 is the perspective view having shown an example of a cellular phone. 
In drawing 9 , a sign 1000 shows the body of a cellular phone, and the sign 1001 
shows the liquid crystal display section using the above-mentioned liquid crystal 
display. 

[0064] Drawing 10 is the perspective view having shown an example of wrist 
watch mold electronic equipment. In drawing 10 , a sign 1 100 shows the body of 
a clock and the sign 1101 shows the liquid crystal display section using the 
above-mentioned liquid crystal display. 

[0065] Drawing 11 is the perspective view having shown an example of pocket 



mold information processors, such as a word processor and a personal 
computer. In drawing 11 , the liquid crystal display section for which the sign 
1200 used the information processor for and the sign 1202 used the liquid 
crystal display of the above [ the input sections such as a keyboard, and a sign 
1204 / the body of an information processor and a sign 1206 ] is shown. 
[0066] Since the electronic equipment shown in drawing 9 - drawing 11 is 
equipped with the liquid crystal display section which used the liquid crystal 
equipment of the gestalt of the above-mentioned implementation, it can obtain 
the image excellent in display grace. 

[0067] In addition, the technical range of this invention can add various 
modification in the range which is not limited to the gestalt of the 
above-mentioned implementation and does not deviate from the meaning of this 
invention. For example, the concrete configuration of the liquid crystal equipment 
explained using drawing 2 or drawing 3 can apply this invention to the liquid 
crystal equipment which does not pass to a mere example, in addition has 
various configurations. 
[0068] 

[Example] this invention persons performed simulation of the permeability when 
changing the direction of orientation of liquid crystal to the direction of the 
horizontal electric field produced on a substrate, in order to prove the 



effectiveness of this invention. The result is reported. 

[0069] On the occasion of the simulation of permeability, as shown in drawing 13 
(c), supposing the model of the liquid crystal equipment in TN mode which 
formed the pixel electrodes 61a and 61b with a flat front face on the bottom 
substrate 60, and formed the common electrode 63 on the upper substrate 62, 
the electrical potential difference of forward (+) shall be impressed to pixel 
electrode 61a by the side of drawing Nakamigi, and the electrical potential 
difference of negative (-) shall be impressed to left-hand side pixel electrode 61b. 
That is, drawing 13 (c) is a model about between the pixels of the vertical 
direction in drawing 12 (a) - (d). As simulation conditions, effective voltage to 
which spacing between pixel electrode 61a and 61b is impressed by 1 
micrometer, and a eel gap is impressed by 3 micrometers and liquid crystal was 
set to 5V. 

[0070] About the direction of orientation, as shown in drawing 12 (a), as shown in 
the combination (henceforth an example 1) and drawing 12 (b) whose direction 
Rb of orientation by the side of 0 degree and the upper substrate 62 is 90 
degrees, the direction Ra of orientation by the side of the bottom substrate 60 As 
shown in the combination (henceforth the conventional example 2) and drawing 
12 (c) whose direction Rb of orientation by the side of 45 degrees and the upper 
substrate 62 is 135 degrees, the direction Ra of orientation by the side of the 



bottom substrate 60 As shown in the combination (henceforth the conventional 
example 1) and drawing 12 (d) whose direction Rb of orientation by the side of 
90 degrees and the upper substrate 62 is 180 degrees, the direction Ra of 
orientation by the side of the bottom substrate 60 The direction Ra of orientation 
by the side of the bottom substrate 60 set up the combination (henceforth an 
example 2) whose direction Rb of orientation by the side of 135 degrees and the 
upper substrate 62 is 225 degrees. 

[0071] Drawing 13 (a) and (b) are drawings showing a simulation result, and 
drawing 13 (a) is a result when drawing 13 (b) makes a pre tilt angle 15 degrees 
the result when making the pre tilt angle of a liquid crystal molecule into 3 
degrees. Moreover, a horizontal location [mum] when the axis of abscissa of 
drawing 13 (a) and (b) makes a zero the middle point of spacing of the adjoining 
pixel electrodes 61a and 61b, and an axis of ordinate are the permeability [%] of 
light. Moreover, in drawing 13 (a) and (b), since the black display is assumed, in 
the field which the transmission of light is going up, optical leakage can be 
interpreted as disclination having occurred and having occurred by this. 
[0072] First, if drawing 13 (a) which made the pre tilt angle 3 degrees is seen, the 
crest of the peak of permeability has stopped at about **0.8 micrometers in the 
example 1 to having reached to about **2.2 micrometers in the conventional 
example 1. Moreover, in the example 1, it has stopped at about **2.0 



micrometers to having reached to about **2.5 micrometers in the conventional 
example 2. Thus, compared with the conventional examples 1 and 2, both the 
examples 1 and 2 corresponding to the liquid crystal equipment of this invention 
show that the width of face of the peak of transmission is narrow, and the 
generating field of disclination is small so much. Moreover, although just the 
level of transmission differs, the result with the same said of drawing 13 (b) 
which made the pre tilt angle 15 degrees appears. 

[0073] Furthermore, although it is [ some ] when example 1 comrades and 
example 2 comrades compare (b) with drawing 13 (a), the width of face of the 
peak of transmission is [ the direction of drawing 13 (b) ] narrow, and the 
generating field of disclination is small. 

[0074] Thus, when setting up the direction of orientation like this invention to the 
direction of the horizontal electric field generated on a substrate, it was proved 
that generating of disclination was controlled. Furthermore, it was proved that it 
was also effective to enlarge a pre tilt angle. 
[0075] 

[Effect of the Invention] As mentioned above, according to this invention, as 
explained to the detail, since a liquid-crystal molecule stops being influenced of 
horizontal electric field easily by having set up appropriately the direction of 
horizontal electric field and the direction of orientation of liquid crystal which are 



generated at the time of a drive, even if it adopts the Rhine reversal drive and a 
column reversal drive as a drive method, generating of disclination can be 
controlled compared with the former, and a poor display, such as optical leakage, 
can reduce. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] They are representative circuit schematics, such as a switching 
element in two or more pixels arranged in the shape of [ which constitutes the 
viewing area of the liquid crystal equipment of the gestalt of 1 operation of this 
invention ] a matrix, and a signal line. 



[Drawing 2] It is the top view of the pixel of **** plurality. 
[Drawing 3] It is the sectional view which meets the A-A' line of drawing 2 . 
[Drawing 4] It is the sectional view which meets the B-B' line of drawing 2 . 
[Drawing 5] It is a sectional view equivalent to drawing 4 which shows other 
examples of cross-section structure. 

[Drawing 6] It is a sectional view equivalent to drawing 4 which shows the 
example of further others of cross-section structure. 

[Drawing 7] It is drawing showing other examples of the direction of orientation. 
[Drawing 8] It is drawing showing an example of the projection mold display 
equipped with the above-mentioned liquid crystal equipment. 
[Drawing 9] It is drawing showing an example of electronic equipment equipped 
with the above-mentioned liquid crystal equipment. 

[Drawing 10] It is drawing showing other examples of **** electronic equipment. 
[Drawing 11] It is drawing showing the example of further others of **** electronic 
equipment. 

[Drawing 12] It is drawing showing the setups of the direction of orientation in the 
simulation which this invention person performed. 
[Drawing 13] It is drawing showing a simulation result. 

[Drawing 14] It is drawing showing the relation of the direction of orientation of 
horizontal electric field and liquid crystal. 



[Drawing 15] It is drawing having shown typically the situation of the electric field 
generated when an electrical potential difference is impressed to a pixel 
electrode and a common electrode. 

[Drawing 16] It is drawing for explaining the effect of horizontal electric field to a 

liquid crystal molecule. 

[Description of Notations] 

3a Scanning line 

3b Capacity line 

6a Data line 

9a, 61a, 61b, 100a, 100b Pixel electrode 

10 TFT Array Substrate (Active-Matrix Substrate) 

20 Opposite Substrate 

21,101 Common electrode 

30 TFT 

36 42 Orientation film 

50 Liquid Crystal Layer 

70 Storage Capacitance 

110a, 110b Liquid crystal molecule 

Ra The direction of orientation by the side of a active-matrix substrate 
Rb The direction of orientation by the side of an opposite substrate 
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UrtilRl) WfrT^S^^ 016 (a) ic^ti? 

tc, «wisi%ev, **#**e itmt. ni±mmn 

Rf©ffiA#71 10a«, aWt?wLfc«t3K, 
[0 0 19] c©mifrSHjMffi-#ffl«McSE 

tfmnznzt, HUkfrFi i o a &ffl.wn<o&w%& 

ttT s iOlTw-rJi^KKWJllOSlfiilEVKJftoTfi-B 
±*<3 3i:"rS, C£DB#. H*«f*»©«*»? 1 1 0 
a icfiiWIfWIS £A,H#ffl Lfci^fcik K&BWff© 

ka#?i i o atcwa^ftffl-r^fc*. «a#? 

1 1 0 a tflBWOfi fll E V Kjfto T4 , 6±* t * 5 i: b 

t ^wiWfw&m^ <t o tikw©^ e v teftftici 

3„ C©fci6, H3R*^fcHMSJl*a5i:"eSA#?l 

$/ a ytc <fc 3S5vF&* s ec o rv^fc 5>n3 0 

[0 0 2 0] iintcMLT, #fgBJl©f§ 1 ©$ASH© 
*£tt(^©»cA«IIi:S&»K 0l 6 (b) fc*t<fc 

3tc, «Eji9ijn^o}ss4^F 1 1 ob a, aarc^u 

-So 

[0021] c©^fr&H*««-#iI*»Hfc:«E 
*aitnf «A$m l ObfcHfiWSfcgttt, S 
STa^T «t 3 fcttSIM)?? ft E V ItYAi T£.*>±.tf6 5 
tt&o CCD8#, *»Bi0S£fc» ■*'t , *»0*A# 
?1 1 0 bfcttaWfWBfcA/HffiffiLftl^fclk ttl* 
|«IM)£lfilEVfc»-9T4%±tf5o *f§ 
9J<D»tAilsll©#&* lB3Rjailt»0«t*^? 1 10bE 

1 0 b©ii*K»r**K«ft«WOieW*H!e*0« 

[0022] -rata-fe, $*©*§-&. ^^©HaiRi73fB]i: 

SiBfc 3 Pffa««^6fi-6±«'5 3 fcf 5 Kit fe 

KjiicmtJjfcHcffimRmm? % c t «a# 

1 1 0b^^iB»c¥ffft«lKp6Sit4«IBK4-B± 
tf33k*5»£ffl#fafctt*£1"*£fcfc*tK $A 
ft? l l o bfi«*!?<o»«*£W-fc< < c©£ 



[00 2 3] J-X±> #?PJ!©Jf5 l QftASBlc <k t) tV 

x* y *-$/ a y*HflnWT?t *a*Kov^Tttw bfc 

*\ 2 ©?l£Ag»©tl£fc2l 1 QttASHJ: 

-wrraaicf^fflftji-ricfc^T**. tat*** * 

©WiOKiJSiftK:»UT*H6#l(lI*rtIV^Tfe')» %A 

*»6»iai»Rflik:i^»T» i w®®mtmm.tmzm 

^©«iaiW*fcfcHfS£3fctai;ttTEmtvr^3 
JSAJiOJP«*lSlo4'lll|-Ptt, #^©Jg 1 ©St 

offiWOJftfi^fcot^Ttt, Dfi£*©«A8Bfc: 
rctf-DT, #5P£©lfI2©rfe B B gttlc:fc^Tt>, f^X 

[0 0 2 4] W±, *»H©WBfcO^TJ£ttWfclJlllB 

ail*OS'5aU-S'3y*fTV\ *»WOJBl, ^2 
OffiASBO «J*fc «fc o T rV X ^ 'J *- S/ 3 y©H4 
mntf'hZ < Tt§ C fc**»tflBBLTV>*. COS/ 
= a l/-i/3 y^lcov^Tlifi^-r^o 
[0 0 2 5] ffts 7^r-r7vh'J^XSfii|iJ©ffiA 

©■/U^;l/hftii3 < ' -3 0° ©JfiHKSS-rscf:^ 

s*u\ fie*Hft©«ASH©Ji^, fu^-^hmt 
r ~3° a*teite*tiTi/^*««, yu^hft^c 

ftfiLtfc** < "T S fcilJtAiH'jb^W^olBW** 0 S 
*JK<<ftO, 7*-f^^y*-S/ay©564*«&fc«l 

[0 0 2 6] 7 P b^hft^*J:0fe^t<, 3' ~ 
3 0° ©|gHi:-r?.fc46©*frWa¥IS(c(i:a^©73ffi 

«LhK1lft«*mii*JB^b, cn^rE^ii-rS^S^ 
c©K, isJ^liaf*ff5IK©5iS«ftfi*HSE-r* 

^b^;l/hft©i|^t;:*^a^r*i:bT, SSffirt 
T©»»7f lSD*«AT«»|Hlfl!«Sl»*fT 3 C tK «t 

[0 0 2 7] *«W©«A«11©»&» ±EO*WiKJ: 

d wtiwc * * f-f x * y * - s/ a y ^^(cspsij-r 5 
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Wffl 2 0 0 2 - 2 4 4 1 3 5 



[oo2 8] ^mnommm^mmi^ ytut. mm 
KMfr h <DK*$m-? § ±tttmmm£h%iWfr e> & § 

coo2 9] *%w<Dn?mmi.s ±.m*%w<DWL£km 

[003 0] 

ffi(DBm<Dm^Wlt. S^-KtbTTN (Twiste 
d Nematic) YJtm^fcT Zt- 4 7v h U 

1"£1fifc<DiIifggWffil2k 03 &EI 2 CD A -A' MM 

mm, guii^cDB-B* mffiwm~?$>%o w 

[003 1] *^CDm^ffi B H H gglCj5^T, g 1 £ 

9 a *»j«i-r ?. rctbvx'f v?-yym?-e&%nm h ? 

(Thin Film Transistor, UT> TFT £B§§2 

-rs) 3 o^n^nffM^nrfeOs H«Mi#*^i& 

*nS7*-*»6 a tfSRT F T 3 0©V-XK«»W 

k S2, snti, coMKHSM^Kflae^na 

T?;l/-7*fc#*&£ft*o *^ Si3a^TFT 
3 0 CO^*- h »C**ttlC8f«*nT* t) „ Sft©jaE» 
3a(C*tLtai§GK G2, "\ Gm*«cD* 

-r 5 y^'Tv vi/^WK*WR*T9i]!in*nSo 9 

aSTFT3 0OKW >K*«WKS8tt«tlTfc 0 , 
X^-yfy^T'feiTF T 3 0*-«}«M/£tt*y 
f^C^c^r,, 7*-** 6 afr6«»«n5H»flf 
SK S2s ■■■» S n%BBSO^'f5V^T«tjitr. 
[0 0 3 2] BlS«lf 9 a«r/rLT5iSt*tji$nfc 
FflSb^cDH^ffl^S K S2, -\ Snti, ftSEI" 



sftfcH««## u -^-rso^Kc-fefen:. jail*® 

[0 0 3 3] #ttWB^lMSM<DW&s m2fc* 

-TiSfc, TFTZWiilic, vhy**tticl«R 

4>iil!l3&HJfttiK9 a 0&|ftffi9a' KJ:>)*l»*jS 

•T) tmv e> nrfc o , Hum® 9 a coffi^com^tc^ 

iS^?>nTV^o f-»6a(±, ffUAtf^'J^'Jny 

1 aco^-fe, aaoy-xfstn 

3Kti9aS, *#^JI1 aCD^-fe^ maOKb-fynl 
3 a jWEBS tlT*5 0 , 3 a (i^ + *;WW*fc*J 

ift-r*i»^7»y-h«ii:bT«jiB"r«. 

Jll ati^U^ , J3Mcps§fecDT-{i^<> mtffUB 
[0 0 3 4] $SK3 b«s ^4^3 atC?p v oTBSitiig 

aic^TB^ntcmimm t. f-^»6a^ 

ti, ^lM^Ml 1 a ti, iB^tfeV^T^aif* 
Si a<Df-V*;Mfii«*^trTFT3 0*TFT7W 
W&.<DWfr *> firm o QMKffll 5> tlT *5 0 , «5t, 
3 bcO*Wc^f|p]LT^aS3 afc}SoTit« 

7*-*«6aic»oTB»-r*aaiiii (-rftt»*x 

Tift*) fcaaLfejttiJWi:****. SUBtBSi l 
a©#S (lB«ff) K*W-*Tlft*0*tB»Oft«tts 
7*-^«6 aTfCfeVT*®tC*»%$«ll3 bcD±|R] 

^ 1 aKtM 1 1 a i:^«^3 b tmmicm%.mc 

S8ttf«3y^^h*-;n 3*We.nTV5o -r* 

feS, *S«io»IBi?tt, Siat^fiHi 1 a ti s 

* h 1 3 ± D W® * § v^^i^tlScDg«l| 3bt 

[003 5] ^{c. NffiSifi^MSi:, H3KStJ:5 
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mmz 002-244135 



T*5tK •?"©-:£©S1£*&-tTFT7l'--l'««l o 

mm^ n- f x*> 6 * t) , »(pia« 2 o mmm 

7XS«^5HS^e.^5 i fe(DT$.?.o TFT7W 
S«l 0Et4, fiajx.aVy^^AiiKfkft (Indium Tin 
Oxide, ITO^BSIB-TS) ^©iKiiMJIfr £ 

9 ailtt&n, TFTTU-TSSl 0± 

X-f>y^y^SiJ»-r^iaigX-l'>y^y^fflT F T 3 Otf 
fittetlTV^o ■*7'Ty^y«TFT3 0tt, L 
DD (Lightly Doped Drain) flfifiJfcWLTfelK 
i3a« a 8££tft 3 a 6 ©*#* fc <fc <9 ?■ + 
fiJc£nS¥#Wll aO^*;MI«l a 1 , j£41§3 

Fw>i«i c, ¥#ttJii a ©way-*** 1 

[0 0 3 6] tits ±ISit*»3 a±, tt»SK2±* 
itfrT FT7WIS 1 0±fctt, SfjfcgV-XlHJ* 1 
d'xiltfSny** F*-;I/5, *iffiWSFW> 
ffiftl e^fflD3ay£^ F*-;F8#£4^$£:ftfc 
£2JilBMfi«W4!WBJ*SttT^3. OtOs 

6 a ti s sg 2 a h*&ihi 4 *jtarrs a y * * f 
5 *ftLTmm&v-xmw 1 d K««w»cSEai* nr 

VS. SE>fc> r-^l*6 a±fcJ:0 ; ^2HP^il6SIK4 

~;i 8 jw&asnfcsi 3 justestiK 7 *«?ftT^ 
s Q oso, aMFw^i eti, mzmmm 
m 4 fe«ttf^ 3 mmm&m 7 ttmw? s a y 2 ^ h *- 

BJtflS9 a i:«*fcKH'ylBttl e x 
-*»6 a fcra-U-f-V-OA 1 M^>£SM3 b fcW- 

*j8i:LTt><fcv\, 
[0 0 3 7] H3RX^»y^^^fflTFT3 0ti, ±*E© 

j;9(cld d« is^wf § si tim* L^ti\ ±mim 
&v-xmm 1 b is^mmm f yns«c 1 c ess 

MHiS&SfflLTfcfiVU y-h*«*vX*fcLT 

©TFTT-$ottSK 
[0 0 3 8] *fcaWliSO^«T»tt, HUX^^y 
fflTFT3 0©j£4lf 3 a©— 

©ffl^tfffljn^ftSJ; 5 JcfSo d©<fc a EraT^y 



— F {?7)W-Y) <fc3vttHJ7>y-hW±'T*T 
c£tfT*tS 0 d ft 5>©y-h *!©'>&< fcfc lffl* 

[0039] $ 03,04 fc jjVT 

5 y- f «»c^iP]-r s&Bfr ess* ltr 

OjWftastlT^*. J: OSIBtcfi, ¥a£Wll a©i« 
S£ F W VfH* 1 e , r-^m 6 a fci tfjtSEtt 3 
a©TeSE»*tl, ratJ<f f -*»6a*J:tf3i*«l3 
aJC»-3TSErf*SM»3 bg|5^tCi|6il}fii2*/rLT 

wiRjEB^nr, simsitii f fcsnt^*. 

Wlc» *»B«7 0OWt{*i:UT©lftlWHl2^ ffi 
fy^fflT F T 3 0©y-FS|&SiM^-©SiT-&5Jf 

170 ti it«W^®«Tf *S*©*»S» k 1 5 d *^ 

[0 0 4 0] £fc03tc^f<i:5^ TFT7WMS 
1 0 SBO^IfX'f 7 f y ^"ffl T F T 3 OtCftfSf £ 

imitte, mmimi 1 awsnt^s, 

s 1 »^it 1 1 a tWSLOmtZ.'fyl-vyRT F T 3 
OfcOHfctt* ^lUP^IfeiSi^ (KHMMI) 1 2Wt 

6tiT^§„ m 1 jfiate»iii 1 2*4, H*x-r-y^yy 

fflTFT3 0**J«-f 3¥SWMi laSSl Kt^M 1 1 
^^(C, ^l«ra*6i^Ml2{i, TFT7WSS10 

o4iBK»)a*nT*!), mimytmi 1 a/^-y© 
an*w«-r*fc«>fc:aiii*w*«tu T^tftra^jn 

o^tJ-erSRtcMSTass. siffimtfituii 2 a, 01J 

fflR 1 1 a«X^7fy^T F T 3 0»*W*-r 

[00 4 1] ±BW 1 jIt'SM 1 1 a (fc=fct>"ontC«M 

M^nTfeO, ^1 51^)11 1 a43«fctPg«l3bt4£ 
«ffifc*n*. bfctfoT. ^lM^Ml 1 atC^IH 

* fc, gam 3 b sa^a 7 0 ©^ 2 «m$s«k 
aK«ft»B*wfii"r«fei6©jiiiaiHiK (fy^«\ 
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R»*«eai« t 4<, gui^im 1 a** if saw 3 b 

[0 0 4 2] S&fC, ^«§«7 0tC&^T&, H3tC 
jjVT J: ? HI 1 m^fli 1 1 a W\ % 2 
LTOSMI 3 bOS»llfcJ3^Tg 1 SttSMS 1 

f ictll 1 flMttftlt 1 2*fl-LTaS3*»g»t*J:L 
T»flEBSn5Ci:fc«fc»J (H3<0fe«lo««Sa7 

o#f.§) s «as«jB t jifc#4«n5<t3fc«!ia*tiT 
i^*. -ra:*)*, **8s»*T?tt, & i mmmmmm 1 

[0 0 4 3] Sfc, 02**1/81 3 fc^Lfc* 5 fC T 

FTTWisfii ofcSBiaBttMi i a*aa^*otin 

3^*h*-;H 3*^UTtBiat3ttltl 1 a 
teTSMK3bfcJ:tf8ljB)fc§il 1 ajWB«*ft*« 

w-rsasitf^a < rigty, c © * 3 ic 

IfiZkimi&tltZ, Sfc, fgliEftlll lali, hu 

ny£^ h*-;H 3aWL£teT<,->5 0 CCT, n> 
**h*-;M 3©B8?LfflBfi:UT«, atifi^S, X 

i;«< > r*c4:««T**.. 

[0044] Sua© a**^ yf-yym 
t f t 3 o (DTMiat, % i mytm 1 1 a iit^nt 

'>&< 1 a *>WM*1 

a • *itffflwy-x, k w ymm ( l d dh«d 

lb, l c'^KDifcOAItiSMftttfcft 

«aoHiRKRW"6nfe*«l3 b £?g 1 i£ft§l 1 1 a 

ttLTffUJMIl l afc£*ffi*G9&-rsfe«>©S* 
83b#&£i:;&:3o tt?, 2gFa»3bOft*aiBi8 
*Sfc#LT 1 *jfeftl06M-Tfc< J: o fc-f * fcfiVo 
[0 0 4 5]«, ^SI2 OtCti, TFT7WI 
Si 0±©7*-*»6 a, j£Sit3 a s Hfg;W <y ^ 

>?m t f t 3 o ©fcja««fc»fti-r saw* -r&teis& 

■*»©Mn«*Wfl©1H«fcSI 2 jBttll 2 3 WBW 6 

Tt/^„ ±ta«S2 ltTFTTWHl 0©BsM 

19 a fcpa, i t omnmmmmm^m^nx^ 



3» S2jjBtH2 3 0Sftk:J;DH ttfiStii 2 0 ©flUfr 
^AWIlX^'yfy^fflTF T 3 0 ©¥*#« 
1 aOf-v*/MH«l a* *ffi»«V-:*«WMW* 1 

b , i&mm h w 1 c icmxt % c t «* v\ « 

[0 0 4 6] ^LT, TFT7WSS1 0 

$«& 9 a ±& £ o-ig 3 mrsmmm 7 ±, ttfrgis 2 0 

(C«ti-Sftjra2 l±KttflfBAtf S 1 0«©*gftM, 
*«Vt4#U'r5H*©tt«Bil^6**Siaii3 6, 4 

***©«88©«ft»BI©»^ TNt-FOJ^Sa 
**8W*fc*, &»&±©EIr]1I3 6, 4 2ttt*« 

©^73^90° tecnfeiBftfcftsJc^fcEiRijaa 

^SS^nrvSo t4b%, 02t^EPT?^-r<tdfc, 
TFT7W1S1 0±©ElRlM3 6fcttSt»3 acD 
a ; fiE3&lt0te?&9TH«fiE*»6tifcrtl*»5#lft (SS*B©£ 
BlRaTaVMffil) jWEfl35rrt] (0° ) tKZZolc, 
Sfc, *f[o]»«2 0±©E(p]M4 2Ktt7*-*«6 a© 
^fi7j[p]fc»oTBI*T^P.±^^373[p) (TO©^ 
EPRbT^-fTJlR]) ^SE|pI7?[oI (9 0° ) i:^:?.*^* 

[0047] <i©Eiftifflattx E[Ri)i©a«fcisuTa 

*©*}**»* C4:^"P**o m«KlRlBi©WBi:b 
TS i 0*fflVS*i^lCtt, S i OM^»7a^«r*lCj; 
DJg/a-TSCfctU ^«M^5Sfi'\|R]*^JS?©fR 

kfciOBrtuBloErtiSiftSiWIiftcfcjVP**. * 

KM**S^lft*)ig3»R-r § C £ K * o TE(Rlii©E 

[0048] ^mm<Dmm(om^mt, mmft&tL 
TvJvRiaBMitffsc.titiimtL'zv*. rate 

■6, 1*©*4^3 atc»9*[p] (H2*©«*lft) K 

ffl^©lB*«ffi9 a©*-«f fc-r-^tt 6 a tciB 5 
(B 2 *©^73[r1) tcRgb, 1 #©£S3«3 a tcfp v 5 
Sift (H 2 * ©«7?fa) ICRS-T^«a©««g9 a 

WHPPtWtS'iE (+) ©Bfifi^AW^nfctttc 
ttS2«tt»fc«a:>b<A. (-) ©H«fll#3b^tt&«ti, 

(-) ©H«fl|#^«»« tlfc £ £ K (iffi 2 Wls^tCffi 

tt^iE (+) ©HflM8^«(&*n*fcv^a«t5t» % 

tf, H2[ti©«KriRUc3fc-5;20©Iii5R«tt9aK:S4* 
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[0049] *$m<Di&&<DmaimwK.i3v-z&s mwi 

fcSJI^OEfiSflfcOHflWH 1 4 (b) fc^Lfc 
*3fcftoT*!K *Efflftlli#fcf8£*S*W#M>2fGl 
i; T F T 7 U-fSfi 1 0 M^LfcElRj^lWitfitS 

ltv>*. Lftftst, ram*jsft-rsfc»«)¥aj 

t%$)%<Dj5fatt,tmm#t% ZtlCft*), $ B B B #7 

-r^i"j *-s/3>©SSft*ail!PJ-r*e:4:*«-e*» ^© 
xV x^ y *-s/a McigEf &s^&£f6i$ 

[0 0 5 0] fljffittfg («E*RBttntftED 
£#?©7W;1/Ffttt, S£*-lROiKSSIlTH: 1 ~ 
3" ggT&tK #^i©ffi»&C©gfiTfr£frft 
<,\> LfrLfttft.. ffi B H B 53-?tC3~3 0° *§fi©J;D* 

f^x^^-> 3 y^4 
5> t*P*J-r S c S^ftfiE* J; •) iSJ63 c 

[0 0 5 1] lcT\ 7U*vH»ft*t£* J: •)«>** 
<, 3° -3 0° ©KH4:-r*fc»©JW*W4*aKtt 

iSGmSfttf**. EOE »#3lMI*fT$l«© 

[00 5 2] *Hffl<D}^SlT^±, T F T 7 U^TSS 1 0 
IIiJ©E[rJSM3 6tceiBD3lBjO° ©Eft«£fiSU **|rJ 
2 0 {fljOEftil 4 2 legale [6] 9 0 " ©Eln]fflil£ 

(a) fc^f <fc 5 TFTTWSil OfflJcDEftT? 
Wl80\ #fi££2 0W^ffi[p)73lp)^9 0° -V& 

Wi9a©E*J#|fijfc*fl/r4 5* £ft-r«J?!c£L.T£> 
«fcv\, 07 (b) fcaVTiSlC, TFT71/ 

I'SSl 0ffliJ<DSlB]73f&1^4 5" , #Ir]«$2 0»DE 
[p]7a[Rl^3 1 5° <om&$t>^ 07 (c) {C^-f<fc? 



T F T7W»t6 1 OttOElfrSfiltf 2 2 5° , jt* 
ft££2 0«H©EGl£Gltf 13 5° 1217 
(d) »C*"rj;3K* TFT7WIS1 0<IJ©EIrJ£ 
W3 15\ W(R]»ffi2 0liJOiS[p]73lP]*M 5° ©fi 
ftHtf#*.&tt*o 

F T 7 l~r»K 1 0 fcftlRjaSS 2 0 ©RBOiSlitf?© 

[0 0 5 3] #||$^J$eT?{±TN*-F©W& 
mffct>\ #?£BJ§fiTN^-F£|51i>Cfcft<, 
y^XFfcliQO' KRg£fc©-mft</\, Lftid^T, 
«tft©y-rxhft*9 0° WttfcLfc»&fcttT FT7 

WIS l 0<g|£#ft£tit2 ofll©Efli£ifc0fi*Afc 
•tm±?-* l k u x- *✓ 3 y # 6 n 

«. *©*&T?fe, (1) 7^x-r^vhu^x»1fii 

K as 2 •^^ft^ttO^OHJRWi 9 a ©E?U^ 
|p)(Cf n STWCi:, (2) 7^'ri'7"vFiJ^xa« 
1 0ffl©ElR]$l3 6, #fiS£2 0«©E[p])14 2^n 

^noE[p]73 fostsHWftv -n&n 1 iM&©jFMfi« 

fcffiBU fl!rtftt»2«i»©««««K:ffilibTV^* 
[0054] ftfc\ ±<DmwmmfaJ]fa : tt ro° J , 

r4 5"J. r9 0° J fc^3*3f6J:3ff©ttTlB 

xu (wtcssBrtoiHie^iPicDXu) , 7 try y^M* 
^#^hoeir]®sb#<d^jkxv{±, 5° wrtes© 

^<©IEHJ tfJT IWf B 'ofc73lR)J s r«{T4 5° J * 
[0 0 5 5] tfc, *mt<DJ&WkV&Wmj3*.t lt7 

»%« ffl Lfemtftifiiuc*^*^^ * £ t> nr^-e 

5««^©^[p)s Elp]^[p]*H^9 0 o [Hlilg^-y:T#^ 

[0 0 5 6] 0 4 £SLfcJ:5lc, 

f-^!6a 3 a #<Dffi ^ $ jUI 3 b ft E 

<t *) KiEH-r 5 f-f X^ i; ^-y a VtfffiJtSn 
5 ©ttSv^V t^tc <fc o TtiaiSW»©Eift^atciB 
H Lftf-f X ^ U *-S^ 3 :/*%£T*»titffc* 0 ^ 

fli#«v nfcHXowiapo 

fflSSBSfcHlKtiJfeaJCSSaffii^Tfflfb-rsi:, Els) 

5aii^©E[Ri^^{gM$n§©T\ x^ y ^-y 
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3 >©»£**&telBik1-*i:i:#"T?**. 

[oo5 7] *{*wfc«\ mz.i£m 5 ic^-r <t *> m 
m*Bf&tz®®ic^mfe<Dmz<DM i o a^iot 
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